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Field of the Invention 

The present invention 
waste waters which ecu 
water and/or black 
separately collected 
separation of the 
present invention 



W2ite:r 



producing - potable 
of its partial streams 
potable water from gray 
black water and its Mssi 



CO 



Summary of the invention 
The present method 
the separately coll 
gray water and black 
faecal waste water 
separately collected 
precondition for a 
regions with water 



The process is 
black and gray 
water-saving toilets 



waters 



The gray water can 
individual partial 
separately and used 



relates to a process for utilizing 
prises the separate collection of gray 
and membrane . filtration of the 
gray water and/or the solids/liquid 
collected black water. The 
relates to a process of 
from gray - water~~6r~ from one or more 



separately 
preferably 



Moreover, an apparatus for producing 
water and an apparatus for utilizing 
are described. 



marises the treatment and recycling of 

cted individual waste water streams of 
water, which is preferably divided into 

a|nd urinal waste water and can be 

in order to thus provide a 

highly efficient water management in 
ems . 



profcl 



preferably 



based on the separate routing of 
and also preferably on the use of 



be used to produce potable water. The 
gray water streams can be pretreated 
to produce potable water . One aspect of 



l ' :v- 1! • 



•the process is the 
the treatment of 
desalinization plan|t 
residual substances 
great reduction of the 



LIS 



and 



The basic idea 
the mineral 
circulation by- 
organic waste 
treatment plants 



underlying the process is the maximization of 
isr concentration by open liquid 
the waste water together with the 
in the discharge of waste water 



fertiliz 



coll act ing 
fraction 



the 



The nutrients of 
collected by separlat 
anaerobically recovered 
oxidiz ed ton itrif i 



urinal waste water can be separately 
ion toilets and urinals and can be 
The black or faecal waste water is 
datSjonnana - xs reused" to flush toilwts" and 



can 
xob 



compost line 1 



urinals, and is thu^ 
which the nutrient^ 
Moreover, nitrate 
solids in the anae 
the case of 
liquid cycle starts 
the effluent from ar 
nutrients released 
concentrated in thi 
plant by irrigation 
step. Suitable meas 
can also be taken 
theoretically smal 
and the thus 
enables treatment 
recycling of the 



lest 



possible 



Bio waste is processed 
in order to produce bio 



of sea water desalinization plants in 
water- The effects achieved in the 
are not only a substantial removal of 
simultaneous sanitation, but also a 
osmotic pressure. 



oily used as a transportation means, in 
can be concentrated and discharged. 

be used as a flotation aid of the 
£c first solids/liquid separation. In 
there is an additional cycle. This 
with the irrigation of the compost with 
aerobic waste water treatment step. The 
composting are thus washed away and 
iutlet of the waste water treatment 
water supplied to the aerobic treatment 
ares to greatly prevent denitrif ication 
depending on the process variant. The 
discharge volume of about 2 l/(P£*d) 
drying of the mineralized nutrient 
without difficulties and odorless 
nutfrrislnts into the nutrient cycle. 



together with any resulting sludges 
gas and compost. 



The starting substrates 
Definitions 



here 



Waste and dirty waters 
of individual was 
origin. The following 
particular interest 
Faecal waste water 
laden with feces 
urine separation tb 
composition stemming 



is 
fo 

iaJets) 



is 



Urinal waste water 

laden with urine and 
from the urine-laden 
this — ca s e", " "to 07 — otj ver 



c.a.ser, — tooy 
stemming from other 



me 



ini:tal 



Black water is def 

and feces , for 
urinals. Urinal wast 
drained and collected 
the black water and, 
water and faecal wa 
the same sewerage 
particular similarity 
waste waters from 
manure) and/or from 



nets 



if in<»d 



Gray water is de 
or hardly laden with 
other waste water 
laundries and/ or 
or several separate 
and/or composition 
water partial streamb 
conceivable combinations 



of 



other 



it 



are the sum parameters of all types 
streams of industrial or domestic 
individual waste water streams are of 



defined as waste water which is only 
instance from the feces outlet of 
other waste waters of similar 
other sources can be admixed here. 



from 



defined as waste water which is only 
^tems from all kinds of urinals and/or 
ejutlet of urine separation toilets; in 
wa s t e — waters — o f — s imllar c omposit ion 
sources can be admixed. 



/o:r 



d| as waste water laden with both urine 
ajnce from all kinds of toilets and 
yater and/ or faecal waste water can be 
xis a separate sewerage net. Moreover, 
its partial streams of urine waste 
ste water can be received in surges in 
and treated separately. In cases of 
regarding pollution parameters, other 
agriculture (for instance liquid pig 
otter sources can be admixed. 



as domestic waste water which is not 
ui-ine and/or feces and/or is defined as 
similar composition stemming from 
sources, which can be received in one 
dwerage nets. According to its origin 
can be subdivided into several grey 
The gray water can be composed of all 
of all conceivable numbers of 



4 



domestic and similar 
contain black water 
of faecal and/ or 



waste water sources, but must not 
(feces and/or urine) , although a portion 
ur:Lnai waste water admixed to one or 
several partial stieans of the gray water does not make a 
difference to this definition. 



Toilet as used herei 
toilets. Toilets 
toilets and water- 



with 



sav 



in is the general term for all types of 
water supply can be divided into flush 
ing toilets. 



Plush toilets are 
commercially availaal 
water-saving devices 



Water-saving toiletu 

! ter sa ving effect 



urine separation toilers, etc 



type 



Urinals are all 
without water flush 
with individual bzi 
urinals, etc. 



conventional toilets which are 
today and may also be equipped with 
(for instance a water saving key). 

ELre Special constructions with a high 
such as for instance vacuum toilets , 



of separate urine outlets with or 
^ng K as for instance simple runs, urinals 
Automatic water flushing, water-free 



Bio waste is defined 
products which may 



con 



carbon as used herein 
carbon compounds (CSB 
black and gray water 
carbonates - 



Nitrogen as used 
organic and inorgajni 
contained in black 



a^ solid, biologically degradable waste 
ain biologically inert components. 



,ls defined as referring to all organic 
and BSB) which may be contained in 
ind in bio waste. It may also refer to 



herein 



water 



is defined as referring to all 
nitrogen compounds which may be 
and gray water and in bio waste. 



•n — nmwin i ■ 



Phosphorus as used 
organic and inorgs. 



herein is defined as referring to all 
nic phosphorus compounds which may be 
contained in black water and gray water and in bio waste. 



all 



Filtration covers 
filters and/or 
used in waste water 
It includes all fi 
the a skilled pars 
which are for 
Ulmann 1 s Enzyklopa 
technical journals, 
etc. , and/ or availapl 
enhancing additives 



membrz.ne 



ltrati 



on 



instance 



dlie 



may 



coarse screen and/or fine screen 
(filtration) methods that can be 
purification and potable water recovery, 
on and/ or membrane methods known to 
such as ultra or microf iltratien, 
described in the ATV volumes, 
and other technical literature and 
for instance Korrespondenz Abwasser, 
on the market. Furthermore, process- 
be added. 



ns©T37a.s7 liquid separi rti oir^owr^~^^™s~eparatl.on pxrotssssss— erf" 
liquid and solid materials which can be used in domestic 

Lan and potable water recovery, as e.g. 
which are suitable (hydrocyclone 
example, do not lend themselves to 
:ion in larger people equivalents 
Fcr instance all types of filtration 
r averse osmosis and/ or other membrane 



waste water purificeiti 
sedimentations, and 
classifiers, for 
solids/liquid sepa^rat 
connection sizes) . 
processes including 



processes for' solids/ Liquid separation can be used. They 



include all processes 
a skilled person, such 



and other technical 
Xorrespondenz Abwasser 
Furthermore, process 



for solids/liquid separation known to 
as for instance adsorption processes, 
precipitation, f ifLtxfation and membrane processes, 
sedimentation and flotation processes etc. , which are for 
instance described in l:he ATV volumes, Ullman's Enzyklopadie 

literature and technical journals, e.g. 

etc, and/ or available on the market, 
-enhancing additives may be added. 



is 



es 

se: 



Fixed bed prooes 
microorganisms grow 
such as trickling 
filters and rotating 



cover 
sily on 



filters 



all processes in which 
fixed and/ or mobile matrix, 
RBC (rotating bio contactor) 
discs, all types of Boil filters , 



"T — vr y r rrr-i-rT- mm t — r- 



person, 
Ullman 's 



Enzyklopadie 



fluidized bed processes, sand filter, planted soil filters 
etc. They include ell processes that are known to a skilled 
which are fpr : instance, described in the ATV volumes, 
"and other technTcaT" literature and 
g. Korrespondenz Abwasser etc, and/or 



technical j ournals , 

available on the majrket. Process-enhancing additive may also 
be added. 



jarceee 



float 



stance 



reeictor] 



Activated material 

microorganisms 
such as for in 
(sequencing batch 
microorganism-based 
skilled person and 
volumes , Ul lman 1 s 
literature and 
Abwasser etc, and/oi 
Process-enhancing additive may also be added 



invention and are " the 
and activated material 
processes . They inc 



scs comprise all processes in which 
freely in the liquid to be treated, 
activated sludge processes, SBR 
) plants etc. They include all 
processes which are known to a 
for instance described in the ATV 
Enzyklopadie and other technical 
journals, e.g. Korrespondenz 
available on the market. 



ox Ldation 



are 



technical 



Oxidation by microorganisms, aerobic treatment step and vet 
oxidation are synor)ym^ within the meaning of the present 

generic terms of oxidative fixed bed 
processes and other nature-resembling 
lude all processes that are known to a 
skilled person, such, as microorganism-based oxidation, which 
for instance described in the ATV volumes, Ullman' s 
Enzyklopadie and other technical literature and technical 
journals, e.g. Korrespondenz Abwasser etc, and/or available 
on the market. Process- enhancing additive may also be added. 



c avers 



Removal of carbon 

from a liquid. It 
a skilled person, 
e.g. adsorption prodes 
e.g. chemical oxidat 
instance described in 



comprises 



such 



all processes for removing carbon 
all processes which are known to 
as microorganism-based oxidation, 
ises, e.g. precipitation processes and 
4on processes, etc, which are for 
the ATV volumes and other technical 



-Tfl— — T .M IWT I I 



literature and 
Abwasser etc, and/ojr 



technical journals, e.g. 
available on the market. 



1.2 Comparison of tpe 

Most people know 
our civilization. As 
composed of very 
meaning of this 
water" and the term 



inv en 



The following Tabl 
distribution of 
"black water" 
distribution of the 



bla =k 
ana 



d:. 



"P 



domestic waste water partial flows 

e about the dirty water produced by 
rule, they do not know that it can be 
fferent "waste waters". Within the 
:ion the term "partial stream of waste 
artial stream" are used as synonyms. 



is a compilation of the approximate 

and gray water components. The columns 

grey water" show the percentage 
wa|ste water components . 



Oft 



Ofc 



Table 1 Profiles of 

Par ame t ers Black 

amount 2 0+3 

oarbon 5o4s 
Total nitrogen > 
phosphorus > 
sulfur >" 
microelements > 
path, bacteria > 



black and grey waters 



99% 
59% 
5 8% 
S 5% 
£ 9% 



*) values for the use of phosphate-free detergents 



Taol 
with 



The values indicated 
vary in individual 
significant enough, 
to mix black water 
nutrients in gray vfat 
streams of gray 
the black water 
degradation. 



wat sr 



1:1 



can 



Korrespondenz 



crater — Gray~water- 



70-80% 

40-50% 

< 1% 

< i%* 

< 2% 

< 5% 

< 1% 



qa 



Table 1 are maximum values which may 
ses. The existing studies are not 
e 1 shows how little sense it makes 
gray water. In the case of lack of 
sr, or in any combination of partial 
a part of the oxidized nutrients of 
be added for complete carbon 



n 



Table 2 shows the s 
material come . 



ouices from which the individual loads of 



Table 2i Origin of pollutant loads 



Parameter carbon 

souros g/ (E*d) 

gray water 15 

feces 17 

urine 5 

total 37 



Table 2 shows the 
phosphorous from 



different loads of carbon, nitrogen and 
■qhe sources "gray water", "feces" and 



"urine" . The different load profile which the feces arid 

in 



% 

4 
4 

IK 
10 



total nitrogen 
g/(PE*d> % 

> 0.2 >1 
1.5 11 
12.2 88 
13.9 100 



phosphorus 
g(PB*d> % 



0.6 
0.8 
1.4 



43 
57 
100 



03 m 



urine sources have 
parameters justifies 
the urinal waste water 



respect of the carbon and nitrogen 
separate collection and/or treatment of 



produced 



Black water 

As mentioned before, 
termed black water 
water. Urine contai 
nitrogen (urea) dis 
of the daily 
than 50* of the 
the whole range of 
phosphorus and 
mainly in the 
pathogenic bacteria 
called coliform 
in the sedimented 
subsequent 
contained in the 
completely. 



rs 



so 



t ermentati 



waste water from toilets and urinals is 
::t is composed of feces, urine and 
more than 8 0% of daily produced human 
lved in water. Feces contain about 50% 
human carbon in solid form and more 
and 10% of the nitrogen. Almost 
pdllutants can be found here: carbon, 
ijum primarily in the feces, nitrogen 
Moreover, black water contains 
from the human intestinal tract (so- 
la) . The bacteria which are contained 
sljidge, can be completely killed by 
On and composting, the bacteria 
w^tejr must be sterilized to be killed 



pho sphorus 



potass 



urine 



bact er 



T^-'T — >i ■ ' I ' .WV 



OS 



total domestic waste 
reduced to less than 
saving toilets. Here 
checked correctly. The 
costs of the process 



Regarding quantity, b^ack water amounts to about 3 0% of the 



water. However, this quantity can be 
15% by the c hoice of s uitable water- 
the calculations should always be 
construction costs and operation 



could be dramatically reduced by the 
separation of the ; bl.ack water, but it is necessary to 
install a second sewarage net. However, since it can be 
installed in parallel with the sewerage net that must be 
installed anyway, only the costs for the pipes and minor 

additional costs for 

i 

arise in addition. ! 



the construction of the conduit net 



From a scientific point of view, feces and organic waste 
consist of the substances, life consists of: They primarily 

oxygen (o) , hydrogen (H) , nitrogen 



consist of carbon 



c) 

rnld — bhos 



(N) , — sul-fui 

range of trace elemintjs, such as for instance potassium (X) . 
Here, the composite onis vary depending on nutrition habits 
and/or economic conditions. Primarily carbon, nitrogen and 
phosphorus are environmentally relevant for water pollution. 

an energy-intensive form and are 



They are produced 
expensively removed 
treatment plants. 



Carbon is biologic 
bacteria in the pre^ 
oxygen is used up 
this is that the 
able to assimilate 
air. Hence, carbon a 



in 

from the water by conventional sewage 



ally 



fish 



and 

3 



Nitrogen, phosphoruijs 
supply in plant growth 
fertilizers. Potassium 
while nitrogen and jho 
algae growth in wast 



it — also — of 



whole 



en =e 



rn 



converted in water into CO2 by 
of oxygen. Thus, a great amount of 
this conversion. One consequence of 
in the water suffocate. Plants are 
utilize the thus formed co 2 from the 
a fertilizer. 



not 



and potassium are factors in short 
and are thus the main components of 
is environmentally inert in water, 
sphorus may lead to an explosion-like 
water. Algae are also plants and thus 



assimilate carbon from 
nutrients thus lead to 



"leads to tne develeipm 
great oxygen depletioh 
fish. The term iisejd 
"eutrophied" . 



The nutrients are spitjabl 
commercial mineral 
saltpeter (KNO3) anjd 
substances are produced 
in solute or solid form 



<3ray vatar 

Gray water 



is the 



water from all other domestic 
S ourc es — f^ee-^the^de if i n( i t i oris — abov e ) , such as showers; — wash — 



practically 



basins, washing 
water is 

hence it can be pur 
little expenditure. 



Waste water from di 
water, but should b 
composition of 



pollutarts 



grey 



be 



The pollution of 
is minor and can 
expenditure . Gray wa 
very low trace 
free from phos 
detergents are used hoy. 



ter 



amounts 



sphate 



Gray water amounts 
water produced and a 
particularly suitabj. 
reasons: 



j Iht of cltaEoTic food 

of water and thus to the death of 
is the water has "turned" or 



e fertilizers for agricultural use. 
fertilizers inter alia consist of 
phosphate (P0 4 ) . Exactly these 
by the process and may be returned 
to the production. 



to 
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the air, and in the presence of 
a carbon-enrichment in water, which 



waste- 



machines, kitchen waste water etc. Gray 
nitrogen-free and phosphorus-free; 
Lfijed to highest quality with relatively 



sh4washers is usually allocated to gray 
directed to black water because of its 



water compared to that of black water 
purified with relatively little 
contains nitrogen impurities only in 
and is considered to be practically 
as predominantly phosphate- free 
adays . 



about 7 0 to 8 0% of the daily waste 
cctjsunts for the largest quantity and is 
for recycling for the following 
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1. it is not 

2 . it involves 



contaminated 



no 



potable water 

3 . it shows a low c^rbjon 

4 . it shows a minimum 



with colirona bacteria 
ejthical problems for the consumer of 



pollution 
nitrogen and phosphorus pollution. 



The production of 
particularly worthwhil 
potable water is ih 
Maledive Islands, wher|e 
than 6 US $. 



Bio waste 

The amounts of bio 
amount in German 
inhabitant and_ per 



Vasjte vary considerably. For instance the 
communities is only about 2 00 g per 
£ay, but is more 1.2 kg per day in Asian 



hotels. Bio waste 
nitrogen and phosphor 



Prior art 
central sewage 



Sewage treatment pi 
say which expensively 
direct the purified 
the state of the art 
and withdrawn from 
water is in short 
produced by sea-w^ter 
process of the 
alternative. The pxfio^r 
technique and 
drawbacks : 



treatment plants and centralised sewerages 



ants 



1. The most different 
industry and 



househ aids 



potable water from gray water is 
e for communities in countries where 
hort supply, as for instance in the 
1 m 3 of potable water now costs more 



contains the residual quantities 
not contained in black water. 



the 



present 



of 



which purify waste waters that is to. 
remove waste water components and 
witer via rivers to the sea represent 
lilence, this water is admixed with salt 
fresh water cycle. In regions where 
supply, fresh water is for instance 
desalinization plants where the 
invention offers an inexpensive 
art covers a linear flow through 
ntiaiiy suffers from the following 



types of waste waters from commerce, 
are admixed. Rain water is often 
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C") 



also directed tc 
consequences of this 



recycl 



becaus 
waterk 



reason 



watt 



. recovery and 
is impossible 
industrial waste 
- for the same 
. low-salt waste 
surface water coll 
producing considerably 
water is in short su; 

the low 
requires their 
removal ; 

. non-purified waste 



a poisonous sewage sludge is formed 
rs are directed to the sea via the 
ectbrs and thus fresh water is wasted, 
costs especially in regions where 

ppiy; 

of the waste water components 
technically sophisticated and expensive 



concentration 



2. Inflexibility o 
cannot react swiftlV 
as for instance in the 



Qeceatraliced s 

Historically, black 
in Asia. In this 
of India and China 
Japan and Korea are 
can be described as 



a) Beat treatment praeess 



After coarse partial 



!the combined sewage 
admixture are that 



system . The 



ing of the nutrients from black water 
of their admixture with poisonous 



waters are washed out by rain peaks. 



centralized systems. A rigid system 
to rapid changes in the requirements, 
booming touristic areas. 



wa ter 



cennoct 



•parajti^n of blaok and gray waters 

was treated separately especially 
ion, especially the bio gas plants 
fend the "Night soil" treatment methods of 
to be mentioned. The process variations 
f o3 lows : 



e removal, 



the black water is passed to 
quantitative equalization tank. After heating and 
subsequent solids/lf quid separation, the black water is 

er in a ratio of 1:20, and subjected 
process . 



diluted with fresh Wat 
to an activated sludge 



b) Anaerobic treatment 

After coarse particl 
the black water is 



(anaerobic digestion process) 
Removal and quantitative equalisation, 
subjected to a two-stage anaerobic 



O, u. 



process and after 
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subsequent solids/liquid separation is 



diluted with fresh y atier in a ratio of 1:20, and directed to 
an activated sludge 



e) Aerobic process 

After coarse particj. 
the black water is 
subsequent solid/1 
diluted with fresh 
to an activated sludge 



activated 



d) Two-stage 

After coarse partiol 
the black water is 
treated in a 



diluted with fresh 
to a second activat 



process . 

aerobic digestion prooass) 

removal and quantitative equalization, 
subjected to aerobic treatment, and after 
quid separation the black water is 
water in a ratio of 1:20, and subjected 
process. 



f i:rst 



sludge process 

removal and quantitative equalization, 
with water in a ratio of 1:10 and 
activated sludge process. After 



diluted 



th 



In recent times, 
been reduced to 
Republic of Germany 



practice 



e) Gray water proces 

In Noderstedt, near 
collected separately 
stage procedure , and 
then directed to 
this process concept 
. Gray water 
flush water for 
. The introduction 
impossible to close 



processing 
toilets 
of 
the 



f ) fermentation of black 

At present, Liibeck pi 
water is separated 



and 



subsequent soxias/nqu;.d separation the black wat er is again 

water in a ratio of 1:10, and subjected 
sludge process. 



separation of black and gray water has 
only in Norway and in the Federal 
only in a few projects. 



sing 

Famburg, black and gray waters were 
■:'he gray water is processed in a one- 
ust as the untreated black water, is 
Combined sewage system. The drawbacks of 
are the following aspects; 

at best allows its reutilization as 
and urinals. 

untreated black water makes it 
nutrient cycle. 



water and bio waste 

ahs a residential area in which black 
from gray water. It envisages 



fermentation of the 
subsequent use of the 
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:otal black water with bio waste and 
fermentation broth in agriculture. The 



prbce 



ion 



unfavourable C:N rati© 
of the active bio 
drawbacks of the 
touristic areas witih 
aspects : 

. Odorless applicat 
on touristic grounds 
public gardens etc 
. With a previous ^ol 
of the bio gas pl^nt 
while operation 
increased because of 
. Water-saving in the 
4ise of water- saving 



sbafc ility 



tie 



water cycle. 



g) Fermentation of bl 
A pilot plant for 
schlierberg" working 
of Lubeck (see bel 
May 1997. During th4 
account of the too 
the test results, 
modified end of 
pro j ect . The 
touristic areas 
same as in the case 



water 



h) Aerobic blaok 

An aerobic 
water has been buil-jt 
this process are 
fraction and the absence 



thermophil 



tie 



is to be counteracted by an increase 
mass in the anaerobic reactor. The 
ss in particular in the use in 
ihort water supplies are the following 
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of the nutrients in the vicinity or 
(for instance golf courses, parks, 
not possible, 
ids/ liquid separation step, the volume 
could be reduced to about a fourth 
could at the same time be 
improved C;N ratio, 
toilet sector is only possible via the 
toilets^ given the„ absence of a black 



oy) 



lew 

th4 
1!)97 



drawbacks 
suffering 



of 



aek 



water and bio waste 

the solar residential area "am 
Recording to the same process as that 
was put into operation in Freiburg in 
Bst phase, acidification tendencies on 
C:N ratio were reported. Following 
process according to Figure 3 was 
by the engineers working on this 
of this process when used in 
from short water supplies are the 
the previously discussed process. 



oxidation 

ic oxidation plant for total black 
n Norway near Oslo. The drawbacks of 
high energy consumption of the CSB 
of bio gas production. 



The processes known iJi 
many waste water removal 



an object of the 
for waste water utili 
embodiments specified 



invisnti 



ses 



Thus, the invention 
waters, which compr:. 

(a) separate collepti 
and 

(b) membrane 
collected in ( 
black water 



filtration 



a) 



sep ariitely 



i Jim ent 



In a preferred embo 
producing „potab 1 _e_w a t_e jr 
of its partial strea 



(a) separate collecti 
partial streams 

(b) membrane 
collected in (a 



In a particularly 
is carried out 
microf iltration . 



particularly 



In another 
microfiltration is 



In another particuj: 
having a pore size 
or microf iltration - 



In another particularly 
having a pore slae 'op a|t 
or microfiltration. 



on to provide an improved process" 
ation. This object is achieved by the 
in the claims. 



relates 



of the gray water separately 
and/or solids/liquid separation of the 
collected in (a) . 



ms 



filtration 



) or 



by 
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the art are, however, inadequate for 
or utilization areas. Hence, it is 



to a process for utilizing waste 
the following steps: 
on of gray water and/or black water; 



Of the invention, the process for 
f rom gr ay wate r or f rom one or more 
comprises the following steps: 



on of gray water or one or more of its 
and 



of the gray water separately 
one or more of its partial streams. 



preferred 



embodiment, membrane filtration 
reverse osmosis or ultra- or 



followed 



preferred embodiment the ultra— or 
by a desalinization step. 



larly preferred embodiment, membranes 
Of at the most 2 jiiti are used for ultra- 



preferred embodiment, membranes 
the most 0 . 2 Jim are used for ultra- 



In another particu 
mechanical, physical 



precede (bj 



particularly 



In another 
according to (a) coi; 



(i) solids/liquid ^ep^ration; and/or 

(ii) carbon removal 



In another particularly 
followed by solids/3 iquid 



In another 
separation is 



particul ar3 y 



carried 



filtration or precipitation 
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arly preferred embodiment, one or more 
and/or chemical purification steps 



preferred embodiment the process 
prises the following steps: 



preferred embodiment step (ii) is 
separation. 

preferred embodiment, solids/liquid 
out by flotation, sedimentation, 



In another particul, 
is carried out by 



rly preferred embodiment, carbon removal 
oxjidation with the use of microorganisms. 



In another particularly 
the invention compi-lsas 
(b) : 



preferred embodiment, the process of 
the following step subsequent to 



(c) sanitation and/or 
of the gray water 
recovered in (bb . 



modification of the water structure 
or one or more of its partial streams 



In another particularly preferred embodiment, sanitation is 
a treatment with 



chlbri 



In another preferred 
water utilization coinpr 



ne . 



embodiment of the invention, black 
ises the following steps : 



(a) separate collec:io|n of black water from toilets with or 
without urinals 



' r ■ < ■. 



1WT »'u r "" i — i — r— — T~ 



o 



o 



(b) sol ids/1 iquid 
in (a) ; 

(c) oxidation by 



recovered in (b) ; 
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separation of the black water collected 



microorganisms of the liquid phase 



separation of the product obtained in 



In a particularly 
separately collected 
waters 



steps (a) to (f>. 



In another 
invention, at least 
added to the faecal 



the liquid phase obtained in (d) 

ctlng black water according to (a) ; 



(d) solids/liquid 
(c) ; 

(e) utilization of 

(ea) for coll^ 
and/or 

(eb) as a minexfal fertilizer; and 

(f) optional repetition of steps (a) to (ea) one or more 
times . 



preferred embodiment, the black water is 
ijn step (a) as faecal and urinal waste 
is — treated according to 



and — the — f aec :al waste water 



particularly 



particularly 



In another 
invention, the so 
flotation process in 
repeated one or more 



preferred embodiment of the 
Lids/liquid separation in (b) is a 
the event that steps (a) to (ea) are 

mes .. 



In other 
invention, one or 
purification steps 



particular Ly 



more 



preced 



In another parti 
invention , the so: 
filtration process. 



ti 



preferred embodiment of the 
part of the urinal waste water is 
waite water before step (c) . 



preferred embodiments of the 
mechanical , physical and/or chemical 
le step (c) . 



culirly preferred embodiment of the 
ids/liquid separation in (d) is a 



■| r"T i' T T 
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(ft 



In another part icilarly 
solids/liquid sepa::at|ion 



filtration process, 



In another particuJL 
from (d) is 
the case of a high 
to the oxidation e 



interm€dl;it 



er 



ar 



In another particul 
black water and/or 
sanitation prior to 
of the water structure 



In another particularly 
-removed f rom— the— u 



ri Txs,i . waste 



In another preferre|d 
water and/ or the 
sub j ected to a 
process together with 



blac>; 



ore 



In another particul 
water is filled into 



In another particular!. y 
fertilizer and/or coupe st 



out the process of 
in which steps (b) , 



preferred embodiment, the 
in (b) is a sedimentation or 



guapnent 



ly preferred embodiment, the product 
ely stored in a storage tank and in 
performance demand, is supplied again 
under increased air supply. 



arily preferred embodiment, the oxidized 
:?aecal waste water is subjected to 
r autilization and/or to a modification 



preferred embodiment, the solids are 
water by filtration. 



embodiment, the solids from the gray 
water and/or faecal waste water are 
or two-step anaerobic fermentation 
or without fragmented bio waste. 



arl.y preferred embodiment, the potable 
containers . 



(c) 



The apparatus according 
as explained above, as 
offtake, and optionally 



preferred embodiment , the 
is filled into containers. 



mineral 



Moreover, the invention relates to an apparatus for carrying 

thd invention which comprises a reactor 



and (d) are carried out. 

to the invention comprises membranes 
well as a mixer, an aerator, a scum 
other components. 



i ••■ -T-m. 1 ■■ 1 'lw r ni'T - 
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In another 
comprises 



particular:. y preferred embodiment, the apparatus 
sepajra^or in which the process steps 



characterized in the 
out. 

Furthermore , the 
apparatus of the x 



process of the invention are carried 



nvention relates to the use of 
mfen-ion for utilizing black water. 



In another embodiment, 
the apparatus of the 
water from gray water. 



The figures show th« 
Figure l: shows 
module 



Figure 2i 



the 



the invention relates to the use of 
invention in order to produce potable 



following: 

the black water module and bio waste 
, :Et depicts the black water cycle with 
witjhoiit Jurinal_ 3tfaste_wa^ri_ln_. addition, it 
shows the interaction with the bio waste 
treatment:, the treatment of bio waste being a 
preferred! embodiment of the process of the 
invention - 

shows thi gray water module and its recycling 
for re -use. Thanks to the division of the gray 
water into three separate partial waste water 
streams, a voluminous preliminary sedimen- 
tation of the gray water can be prevented. The 
treatment! of the gray water and one or more of 

desalinization plant 
process step. The 
can be used in the 
process in a multifunctional way 
the low osmotic pressure. Process 



its partial streams in a 



is 



etn 



bio waiste 



Figure 3: 



shows 



collection 



desalinizlation 
present 
because 

step 2<1 sjhows the optimum interaction with the 



important 
plant 



module. 



the cycle of the nutrients between 
and utilization. It, in particular. 



nr-rn — rn — H-'V 



shows the cycle of compost water 
achievable nutrient concentration. 



Figure 5: 



shows 
the 
module 



art example of the black water cycle in 
ejmbpdiment of this compact black water 



The exainpl es "illustrate the invention . 



The process according 
detail on the basis of 



system . 



For instance 



an 
e 



shows 
of ti- 
inveniiiojn 
activated 
modulo 
amounts 



and 



example of a possible compact design 
black water module apparatus of the 
It, in particular, shows an 
sludge tank which allows the total 
adapt flexibly to the day profile of 
and loads produced in a hotel or 
residential area etc. 



to 



discharge system to 

existing one should be easy to realize in the utility lines 
in the course of a renovation or new construction, while the 
hotel continues to operate, if the works are properly 
scheduled. 

Sewerage nets and slew^ge treatment plants do not exist in 
all European touristic areas and those which exist are all 
completely overloaded by the steadily increasing tourism. 



In recent times, 
Europe, which are si 
(for instance in 
Central sewerage 
treatment plants are 



to the invention is explained in more 
Figures 1 and 2 . 

process herein proposed, requires the 



optimum use of the new 
existence of a separate black and gray water discharge 



in the case of hotel blocks, this 



b£ newly installed in addition of the 
be 



in Cra 



mi 



nets 



structures are developed in Southern 
iar to those built in other countries 
(fernany) in the fifties and sixties, 
are installed and central sewage 
newly built or improved. 



Tt-!-* 



However, such central 
in touristic areas 



permanent solutions 
grow as rapidly as 
which permit flexib}. 
should on principle 



The process herein 
implemented into an 
For instance existing 
be used for cost 
decentralized systeir 



solutions many times and in particular 
wi-;h high touristic growth rates are no 



as central systems and plants cannot 
tourism. Hence, decentralized solutions, 
adaption of the capacity to the needs 
be sought . 



proposed 



Example 1; The possi 
infrastructure pos 
i«d— sewerage— net 



bility of implementing the process in an 
sessing a central sewage treatment plant 



A community possess 
reasonable conditi 
treatment plant. In 
be used for collect 
used for processing 
toilets and urinals 
collected in small 
black water modules 
the possibility of 
results in a 
existing sewage 
and a good discharge 
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OllS 



ion 



subste nt 



Example 2: Possibility 
infrastructure without 
sewerage net 



A community does not 
and consequently it 
plant nor a sewerage 



in 



is so flexible that it can be 
isting infrastructure at low costs, 
central structures can be continued to 
and can be supplemented by the 
parallel to the central system. 



ex 



reasons 



is 



a central sewerage net, which is in 
and an (overloaded) central sewage 
th^s case, the existing sewerage net can 
and the sewage treatment plant can be 
the gray water. The black water from 
detached from the central system and 
decentralized systems and processed in 
and recycled, This does not only provide 
re utilizing the gray water, but also 
ial increase in the capacity of the 
plant; overload is thus avoided 
qujality ensured. 



treatment 



of implementing the process in an 
a central sewage treatment plant and 



possess a waste water infrastructure, 
possesses neither a sewage treatment 
net. In this case, it is possible to 



H 'i- TTWt: 



use several complete 
modules) in a dece^rtrjali 
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process modules (black and gray water 
zed manner (for instance in every 



major hotel or residential block)"," 



Thus, the implementation of the process 
infrastructures should always be decided upon on 



in 



local 
case by 



case basis, as it dipends on many local factors, such as the 
infrastructure,, price structure of waste water and potable 
water, possibly th^ jrater and fertilizer requirements in 
agriculture etc. 



The following Table 3 shows some implementation 
possibilities in different existing infrastructures 
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Table 3: Implementation possibilities in existing infrastructures 



Existing 
Infrastructure 



No sewage 
treatment plant; no 
sewerage net 



SIDE 

and 
and 



stan Sardlzed bio 



converts - modules 



Old sewage 
treatment plant; 
old sewerage net 



New sewage 
treatment plant, 
new sewerage net 



Potable water supply situation 



Extreme water 
Shortage 

II decentralized black 



sray 



water systems 



detachm >nt of black water 
by s nail decentralized 
blac ( wa er systems and 
^stan dard zed black water 
mod jles; utilization and 
Imprjvenient of existing 
infra struc Jure for gray 
water, optionally direction 
Into he desalinization plant 



detachment of black water 
by small decentralized 
blaci: water systems and 
standardised black water 
mod jles; utilization and 
impn >verr ent of existing 
Infra! itruc ure for gray 
wate ', op tonally direction 
Into the d ssaflnlzation plant 



Water shortage 



small decentralized black 
and gray water systems and 
standardized bio converter 
modules 



detachment of black water 
by small decentralized black 
water systems and 
standardized black water 



modules; utilization and 
improvement of existing 
infrastructure for gray water 
and optionally percolation or 
irrigation 



detachment of new 
constructions by small 
decentralized black water 
systems and standardized 
black water modules; 
utilization of existing 
infrastructure for mixed water 
purification. Aiming at long- 
term separation of gray 
water and black water. 



No water 
shortage 



small decentralized 
black and gray water 
systems, 

standardized black 
water modules and 
planted soil filters for 
gray water 



small decentralized 
black water systems 
with planted soli 
Alters; utilization of 
existing Infrastructure 
for gray water 
purification 



an individual cost 
benefit analysis 
needs to be prepared 



Figure X: The black 



vater and bio waste modules 



The process and the 
a compact nodule 
one or more famili. 
whatsoever needs to 



les 



into 



be 



apparatus should preferably be placed" as 
the basements of houses accommodating 
and thus no waste water sewerage net 
installed. 



The process is preferably based on the separate discharge of 



black and gray water4 
water-saving toilets 
preferably black wa1:er 



and also preferably on the use of 
The processed waste water and/or 
can be applied to green areas and/ or 
directed to the ground water after optional sanitation or 
disinfection. 



The 



black water 



interrelated, and 
describe them 
process in Figure 1 



-I -he 



together. The dashed arrows or boxes in the. 
represent options or process variants. 



The blaek water strejam 

The process is 
exceeds 20. The aim 
production of mineral 
black water. The most 
is the black water 
separation, oxidatiojn 
and/ or carbon removal) 
the loads of nutrients 
the result that the 
dissolved is very sjnal 
the partial-stream- 
of black water and the 
all of which is exp.La 
steps on the basis 
description correspond 
numbered process steps 



arid bio waste modules are highly 
reTore it "would" appear expedient to 



prefjeriibly used when the number of toilets 
cjf this partial-stream-process is the 
fertilizer, compost and bio gas from 
Essential crucial point of the process 
cycling between toilets, solids/liguid 
(oxidation by means of microorganisms 
and solidB/liguid separation. Hence, 
can be concentrated as desired, with 
vdlume in which the nutrient loads are 
1. Another characteristic feature of 
process is the solids/liguid separation 
black water cycle for compost water, 
lined in the following list of process 
of Figure l . The numbers in the 
to those of the correspondingly 
of Fig. 1. 



Process steps (1) 
oxidative nutrient 



to 



prciduction 



toilets ( fat arrows 
of the oxidized 
toilets are used, 
water cycle. Process 
from the separation 
with in this case 



li juid 
process 



Process steps (la) , 
urine separation toilet 
The thin solid arr|ow£ 
etc) . Process steps 
(3c) and show the 
module into the b 
sources can be added 
fragmentation, and/' 
methane fermentation 



(2 

solids 

(Lo 

i 
or 



(1) 



urttna 



th<s 



shows the combi 
The sphere of 
herein is not 
urinals, but 
toilets and 
separately dis 
furtheron on 
Where necessary 
and/or chemical 
produce 
(2b) . The 
gentle as poss 
destroy the 
Residues are 
processed , 



ferment able 



pr etr i iatment 



(2) 



In this process 
water is directed 



na 
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(6) show the black water cycle with 
without the use of separation 



Process step (7~) shows" the" discharge 
fertilizer. Where urine separation 
steps (1) to (6) show the faecal 
step (la) shows the urine discharge 
toilet. Process step (lb) is dispensed 



8) and (8a) show the process using 
s with reductive nutrient production. 

show the solids streams (sludges, 
a), (2b), (3a), (7a) and (7b) lead to 
discharge from the black water 
waste stream. However, the solids 



n all conceivable combinations before 
before hydrolysis and/or before 



rustr j 



snconpa: 



tion of faecal and urinal waste water, 
pplication of the process proposed 
icted to particular toilets and 
sses all types of water-flush 
Is. Urinal waste water can also be 
charged and treated, as will be explained 
basis of process step (8) . 

one or more mechanical, physical 
^resettling processes which may also 
sludges, may be carried out first 
processes should, however, be as 
in order to improve and/ or not to 
solids structure of the black water, 
separated (2a) and can be further 



ible 



coa:rse 



&tep, the possibly pretreated black 
:o suitable solids/liquid separation. 



■ n. . ' ■ - -n- 



be used fcfr 
solids/liquid 
carried out by 
in this ea 



filtration processes are 
solids/liquid separation 



36, 



The separable 
(it can be added 
(3c)) is thus 

urine in the 



to oxidation 
removal . The 
microorganisms 
initiated with 



In the case tiat for instance no nutrients are to be 
recover ed froitj t|ie black water cycle, the nitrate may 



denitrification" In th~is~" case", ~ 
separation can particularly preferably be 
anaerobic flotation. 

flotation, sedimentation and/or 
preferably used for 



carbon in the sludge of the black water 
in the bio gas production; (3 a) & 
separated from the bulk of nitrogen of 
iguid phase, which is important for the 



by 



operational stability of the bio gas plant. 
The black wate:r from 'process step (2) is now subjected 



microorganisms and/or to carbon 
aerobic treatment step (oxidation by 
a;id/or carbon removal) can also be 
all combinations or any combination of 
waste water pajrtijal streams. Thus, the residual carbon 
which is dissolved in the black water escapes as C0 2 
The oxidation by microorganisms also comprises 
nitrification (ur^a is oxidized to nitrate). Here, the 
liquid phase f:romj the bio gas plant from process step 
(VII) can be suppiied and oxidized. 

Preferably, an activated material process is used here 

j ' 

which works with ja high amount of dry substance (about 
15 kg 0 rj. s /m 3 ) of active bio mass in order to keep the 

small. However, in this case the later 
separation process (4) has to meet 
special requirements . The oxidation by microorganisms 
and/or the re^novjal of carbon and nitrogen can be 



reactor volume 
solids/liquid 



carried out in 



combinations 
material proces 3es 



one or two steps, and in the case of two 



steps can also comprise several steps, 



fixed bed process and 
being possible here. 



with all 
activated 
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the oxidation 



th 



carried out in 
Nitrification 
within a very 
the acidic ran|e, 
by HN0 2 -N, and 



by 



supplied via 
solids/liquid s 



in 



The solids/liquid separation of process step (2) and 

microorganisms (3) can preferably be 



e same apparatus". - 
proceeds smoothly and optimally only 
sm^ll pH window between pH s and 7. in 
the nitrifying bacteria are inhibited 
the basic range they are inhibited by 
NH 3 -N. The nitrification process is accompanied by a 
lowering of the 
amounts depending 
7-10 l/(PE*d) 



pH in the medium. Due to the supply 
on the toilets used (vacuum toilets: 
flush toilet: 30 - 60 l/(PE*d) and the 
oxidation reactor sizes depending on the solids/liquid 
separation prccess used in process step (4) (for 
instance microl'il tration : reactor si2e about 27 to 33 
1/PE with a reactor volume of 20 kg oTS /m 3 , sharp rises 
in acidity, against which counter-measures might be 
provided, may ojccur. Preferably, they are buffered in a 

manner by buffer substances buried in 
the reactor and provided with correspondingly reactive 
surfaces . 

Preferably a 'suitable amount of nitrified black water 
and/or urinal wasi;e water and/or faecal waste water is 

(3 b) and/or (5a) to the preceding 
apa ration process in order to aaoelerate 



transported to 
form and can be 
also be added via 
the solids/liqu Ld 
the same apparatus 
partial amount can 
Preferably, the 
a) solids/liqu 



anaerobic denitrif ication. In this way, the solids are 



the surface by the gas bubbles (N 2 ) that 
removed. The denitrifying bacteria can 
(III) and/ or (5a) . In the case that 
separation process is carried out in 
, the separated bio mass or necessary 
also remain in the apparatus, 
prscess proceeds as follows: 

separation (process step (2) & 

denitrif icaltioh , 

b) oxidation by microorganisms (process step (3) ) , and 

c) solids/liquid reparation (process step (4)) 



■ .1 



as 



in 



SBR) 



"28" 



Operation is sequenced in batches (in a manner similar 

alternately charged reactors 



two 



preferably equipped with buffer"" containers, in the ""case 
of a high loed oxidation reactor (process step (3) , 
second paragraph it can be charged in batches and 
floated with subsequent anaerobiosis . 

Preferably, all three process steps are carried out in 
the same apparatus. 

In the temperatvire range of below about 28 -C, the 
metabolic kinetics of Nitrosomonas (NH 4 + -> no 2 ) are 



slower than those 
the N0 2 ~ formiid 
metabolized arid 



prevented. HoweUre::, in the higher temperature range the 



metabolic rate 
Nitrobacter. Th|us 
and inhibit th|e 
groups of the 
buildings in hat 
reactor is heated 
might be neces 
(for instance 
process, use 
concentration o|f 



of Nitrobacter (N0 2 ~ -> N0 3 ~) . Thus, 
in the oxidation reactor is quickly 
the formation of toxic HN0 2 -N is 



olf Nitrosomonas is faster than that of 
HN0 2 -N can accumulate in the reactor 
nitrification process. As the target 
process herein proposed include hotel 
and sunny areas, and since the very 
up by the oxidation heat released, it 
satfy to take suitable counter measures 
design the process as a multi-step 



to 



bacteria populaticn slowly) . 



product : 



(4) The liquid 

solids/liquid 
simultaneously 
filtration pro 
in (3) 
this connection 



independently 



cooled aeration air, increase the 
the activated bio mass, or adapt the 



ajaarat; 



s 
Ln 
cesSes 



th 



the active 
be held back 
pathogenic 
held back, 



from (3) is now subjected to further 
ion. It can be carried out 
process step (3) by means of suitable 
, in order to increase the bio mass 
from the sedimentation limit, m 
e following requirements must be met; 



biei mass of the activated sludge should 
bacteria and microorganisms should be 



rr-T — *t i i i un n i n i r 
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v.,/ : 



and humic 
should be 



However, all 6th 
(for Instance 
which, howeveik 



process , 
before 



For 



optional 



ac;.ds that form and other macromoleculi 
held back. 



er solids/liquid separation processes 
sedimentation) can be 



Excess sludge ((7a 
via (3c) either 
raw sludge of the 
A characteristic 
activated sludge 
concentration |of 



apparatus to be appropriately adjusted depending on the 



day profile of 
black water 
adjusted to the 



constant drainage quality 



substantially 
volumina and 
compared ' to thdt 



influence the whole 



used as well, 
course of the 



instance, after process step (4) and 
process step (5) , one or more 
mechanical, physical, chemical and/ or oxidatively 
biological process step can be inserted. 



I can be supplied to the bio gas plant 
together with or separately from the 
black water. 

feature of the process is the 
tank'" (7b) which allows the necessary 
active bio mass in the oxidation 



t^e amounts and loads of the accruing 
conjunction with an oxygen supply 
demand (7c), in order to ensure a 



to a 

smaller dimensioning of the reaction 
a more stable course of the process 
of the prior art. The process can be 



and/ or the 
apparatus could 
supply of active 
bio mass from 
enables the plaint 



This 



leads 



computer-controlled and/or can be DFU- (remote data 
transmission) -c)ont(rolled. Operation can be monitored by 
sensors 

The demand-dependent and controllable bio mass 
concentration in - :he oxidation apparatus could have an 
influence on ths special requirements of the process of 
the invention. For instance, the sharp rises in acidity 
acquirmlation of HNO2-N in the oxidation 
be counteracted by an appropriate 
bio mass and/or Nitrobacter-enriched 
the activated sludge tank. This also 
when adequately controlled to adapt 



i '.t ; ti i:n- Tnn 
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(5) 



(6) 



to the day 
smallest 



pr|of4.1e of loads even in the case of the 
dimension . 



reactor 



It is possibl 
digestion of 
( for instance 

(7d> i! 



.s directed 



f ilt ration 



step 



The liquid product 
optional sanitation 
suitable 
unnecessary. 
After process 
can be provided 
liquid product 
possible, to 
concentration in 
the mineral 
pedologically daf£ 



o:? 



to take measures to prevent autolytic 
■tthe biomass in the activated sludge tank 
cooling) . Excess active bio mass of tank 
bo the bio gas plant. 



cf 



solution 



closed 



The product 
fertilizer 
flush toilets 
is thus 
consumption of 
l/(PE*d) as a 
water cycle is 
excrements . The 
cycle is c 
deductions 
deductions e 
necessary to 
added amount 
water consumpti 
biologically 
oxidation reactbr 



from process step (4) can undergo an 
process. However, the choice of the 
process (4) can render it 



(5) , another sanitation process step 
for. However, chlorination of the 
(5) should be dispensed with, if 
aVoid" the risk of a high salt 
the black water cycle, in order for 
fertilizer that forms to remain 



(5) is a clear concentrated mineral 
which can be reused via a tank to 
a|nd^or urinal. The open black water cycle 
In this way, the toilet water 
about 50 1/ (PE*d) can be reduced to 0 
maximum. The volume entering the black 
aoout 1.5 to 2.2 l/(PE*d) from human 
volume of liquid fertilizer exiting the 
as entry volume minus sludge 
evaporization losses. If these 
the entry volume or exceed it, it is 
water to the cycle. Otherwise, the 
outside water is determined by the 
of the toilets and urinals and the 
ccjmpatible nitrogen concentrations in the 



alculated 



ana 
jqual 
add 
cf 



on 



(7) 



PA 

00 



used for fertiLiz 



fertilizer can 
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A final product of highly concentrated odorless liquid 
min e ral fertilizer is formed which can be stored and/or 



fertilizer sojlu4ion is so low 
denitrlf ication processes occur 



The small vo3um<s allows drying and the subsequent 
further processing and/packaging of the mineral 



taken to 
otherwise phctoiutotrophic 
organisms might 



ing. The carbon portion " in the"~£Xneral" 

that hardly any 



be part of the process. In the case that 
the liquid nutrient solution is stored, care should be 
ensure 



darkness and absence of air, as 
and/or chemoautotrophic 
grow, which might cause noticeable 
nitrogen looses! by the supply of carbon and subsequent 
denitrif icatior . 



(S) The general ru-.e is that a combination of oxidized and 
nitrified nitrogen-containing waste water and carbon- 
rich fermentation broth immediately leads to great 

processes and thus to great nitrogen 



denitrif ication 
losses. 

As shown , the 
solids/liquid 
fermentation of 



nitrogen can be separated by the 
reparation process (2) before 

tlte carbon. 



Process step (8) now shows the process using urine 
separation toilets. Under these conditions too, the 
separately collected faecal waste water should be 
subjected to solids/liquid separation, in order for the 
volume of the Die gas plant to be kept small. If the 
liquid supernatant is to be oxidized, so as to close 
the black wate:: cycle and to oxidize NH 4 -N to N0 3 -K, 

nitrogen stripping is thus prevented, 
reunite the urinal waste water with 
supernatants , as the same applies to 
water. Hence, the use of separation 
case of oxidative recovery of the 
nutrients (mineral, fertilizer (KN0 3 , P 2 0 5 , K 2 0, etc. J 
makes little sense. 



to 



because odorous 
it is possible 
the faecal wat^r 
the urinal waste 
toilets in the 
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The use of utin 
process makes only sense, 
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waste water 
hydrolysis for 
change the NH3 
waste water in 



form part of 
precipitation, 



e separation toilets in the present 
if the nutrients of the urine 
waste water are to be recovered anaerobically . "in i that 
case the urine, after having been subjected to 
filtration in order for pathogenic microorganisms to be 
removed, can be combined with the digested fermentation 
broth from the bio gas plant (8a) , without this leading 
to denitrif icatlo:n processes. 

After filtration, the pure urinal waste water can be 
directed separately to drying and/or utilization 
(recovery) ard/or further processing (8a) . Its 
concentration by reverse osmosis is also useful. 
Also, the proper use of MAP precipitation (magnesium 
ammonium phosphate) , or other precipitation processes 
in the urinal waiste water optionally after sanitation 
would be conceivable. In a precipitation process in the 
acidic medium :.t would be useful to subject the urinal 
prior to reuniting it to anaerobic 
tie purpose of acidification so as to 
- NH 4 + solubility balance in the urinal 
favour of the NH 4 + concentration. 
Adsorptive processes for ammonium (such as clay 
minerals, zeolite, etc.) can also be useful and thus 

the: process. Moreover, combinations of 
adsorption and/ or drying are possible. 
Furthermore, sterilization or sanitation steps before, 
after or insteai cf filtration would be conceivable. 

solids/liquid separation of faecal waste water 
useful, so as to keep the volume of the 
sunall. In this case, the oxidization of 
water from process step (3) can be 



The 

continues to be 
bio gas plant 
faecal waste 
performed with 
because of the 

than in combination with the urinal 
this would result 



operation costs 
water cycle. 



of 
Th<s 



a substantially lower energy consumption 
absence of about 88% of the nitrogen, 

waste water, and 
in a substantial reduction of the 
the oxidation apparatus in the black 
reactor size of the oxidation 



apparatus would 
reductive nutr 
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also be 
ieiit recovery 



is a good 
from faecal 
above-described 
nitrogen 1 
expected 



supp Leir ent 



waste 



.osses 



The bio waste stzeaii 

In the following, tjhe 
with the gray and 
summary, this partial 
bio gas yield and high 



of the oxidative nutrient recovery 
water and avoids the problems of the 
process steps (3) and (4). However, 
due to escaping NH 3 gas must be 



(I) 



iaic 



be 



In hotels 

places, and 

having to 

primarily in 

large kitchens 
restaurants 
gardens 

Once the 

instructions 

kinds is easy 

separation i 

However , the 



distinctly smaller. The 
of the urinal waste water 



bio waste stream and its interaction 
black water cycles are described. In 
stream of the process aims at a high 
sanitation of the organic material, 
waste of is generated only in a few 



c|an thus often be separated without 
sorted out. Bio waste is generated 



and parks 

personnel has received corresponding 
a high degree of homogeneity of the 
to achieve. In this respect, the 
s brovided as an optional process step, 
sparation of the residual material by 



gravity separation or other methods can also be 
provided as 
different s 
instance ( 
materials 
processed. 



(II) 



The bio waste 
possible r 
fragmentation 
or without the 
((2b), (3a) 



an additional process step at a 

ta£e in the bio waste stream (for 

) ) . The residual or interfering 

separated and can be further 



III 

lire 



which should be as homogeneous as 
gadding Kinds is now subjected to 
Fragmentation can be carried out with 
sludges from the black water stream 
(7d) and/or (7a)). Preferably, bio 



(Ill) 



G £ 



(IV) 



waste 

s ludg es by 

butcheries 
very good 
bio waste. 



fragroentati 



The sludges 
(7a) are fo|r 
waste and 
black water, 
from (3a) , 
fermentation 
(3) being a 
concentrations 
process in 
black water 



jboi 
o 



separation 
a reduction 
plant. 
If urine sbpa 1 ration 



fo:r 



me ans 
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ion is carried out without the 
of a "cutter", as used in large 



sausage production. Cutters perform 
ion and homogenization of the 



f rE.gmentat 



sleparated from process steps (3a) and 
instance mixed with the fragmented bio 
subjected to hydrolysis. If the total 
instead of the black water sediment 
Vers used with the bio waste for 
no urinal waste water separation, and 
£dejd to (3a) and (3c) ) , the high nitrogen 
could endanger the methanation 
thi bio gas plant. Sedimentation of the 
for separating the nitrogen (urea) prior 
to fermentation is thus recommendable from a process 
technologiceil point of view without the use of urine 
lets. Moreover, sedimentation permits 
f the required size of the bio gas 



faecal waste* water can be directed into the bio gas 



plant ((3) 
any danger 
inhibited, 



dissolved in 



via (3a) and 
that the 
as more than 
the urine. 



sanitation cf :he faecal waste water and an increase 



in the bio 



greater dimension of the bio gas plant, 



Hydrolysis 



s imul taneous 



In this 
preferably 
fermentation 



is 



process 



toilets are used, the total 



(3c) ) , without there being 
methanation process is 
80 % of the nitrogen are 
This would result in the 



gau yield, but also in a substantially 



preferably thermophilic with 



suitable retention time, in order to achieve the 



sanitation of the organic material. 



step, the hydrolyzed material is 
ubjected to . mesophilic methane 
Methane fermentation is the interface 



-" |i':> 
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to the 
from the 
flotation 



fermentator 



methane 

the rate- 1 i^iitj ing 
of fats. 



(V) 



water module. The material separated 
waste waters by fat separators or 
is directly charged into the 



gray 
kitclken 
processes 



The digested 
to an optional 
liquid 
he directed 
prior to 
of the urina 



supernatant 



tc 



filtration, 



(VI) 



The digested 
directly 
the case of 
compost can 
treated 
collected 
process ste^> 
urinal waste 



recovered 



be 



f aecbl 



and 



(VII) 



The supply of 
liquid losses 
compensated 
described in 



., as the hydrolysis of fats" is 
step in the anaerobic catabolism 



fermentation hroth can now be subjected 
solids/1 iguid separation process. The 
contains many nutrients and can 
oxidation (3) (VII), or, preferably 
, to the reductive process line 
\lraste water (Vllb) . 



product from (V) or (VI) can now be 
dried, or further processed. In 
composting, the water for irrigating the 
drawn from the gray water, or from 
and/ or urinal waste water. It is then 
can be subjected to oxidation via 
[Vila) or directed to the reductive 
water stream. 



Figure 2: The gray vatejr stream 
Introductory description of the process 
This partial stream of 
highly purified wat 



be the production of p stable water from gray water or from 
partial streams of gray water. This gaol can be attained by 



membrane filtration 
and/or ultraf iltratlion 
Regarding the membranes 



0|iguid from (VII) and/ or (Vila) allows 
of the black water cycle to be 
ffcr. The compost water cycle is 
rib; . 3 . 



the process aims at the production of 
for domestic use. The final goal may 



u^ing reverse osmosis and/or micro- 
with subsequent salt removal, 
it is necessary to ensure that they 



a 



=4« 



is first removed 



other processes (fcr 
or may be provided Eor 
or physical process 
The activated sludge 
degradation is fix ad 
(activated sludge pro 
sludge is separated 
processes, and can. 



fay 
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have the suitable jiora size,- for instance for residual COD 
(chemi cal oxygen de mand) solids reten tion, s anitation etc. 



After optional sedimentation, the carbon in the gray water 



wet oxidation (possibly with the 
addition of black tjratlar nutrients) or by other biological, 
chemical or physical processes. Nitrogen and phosphorus need 
not be removed, buf their removal may be brought about by 

instance precipitation of the carbon) 
as (a) separate, biological, chemical 
step(s) . 

generated in biological carbon 
(fixed bed process) or is recycled 
cess) . Excess sludge or precipitated 
conventional solids/liquid separation 



by 



phase can be oxid 
processes, and/ or can 
chemical or physical 

solids/liquid separation (for instance 
substances remaining 
removed by activated 



(for instance reverse 



case of a permanent 



areas with heavy rain 



present and residual 
After sanitation and 
the potable water 



optional process measures 



fe^r instance, be directed to a bio gas 

plant. 

The scarcely degraddblts CSB fraction remaining in the liquid 

ized to CO2 by ozonizatlon or other 
be removed by other biological, 
processes. After optional further 

filtration) , the 
in the gray water are subsequently 
charcoal filtration or by other 
processes (for instajnci filtration or adsorption processes) 
As gray water conte.ins relatively few salts, salt removal 

asmosls) is not envisaged e.g. in the 



admixture of salt-low potable water in 



falls, but can be a process step. In 



areas with extreme water shortage, the oxidized gray water 
can be processed to potable water in the often already 
existing sea-water desalinization plants in a 

multifunctional manner; simultaneous retention of salts, 
pathogenic microorganisms, and nutrients possibly still 

CSB can be achieved. 

optional chlorination it is directed to 
tank. Sanitation and chlorination are 
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A process step to nod if y 
can be Inserted here at 



activated charcoal 
ground water passage 
requirements but this 
point of view of prcce 



adsiorpti 



Description of the 

The dashed boxes 6r 
represent options and 



process 



processes 



eans 



(1) Usual mechanical 
pretreatment 
its partial str 
separators and 
etc.) can be 
division of the 
streams according 
characteristics 



(2) 



The kitchen 
sedimentable so 
substances . Th£ 
flotation proce£ 
and sedimentabl 
(biological 
oxygen demand) 
into the methane 
waste module . 
separators , 
separation 



wastes 



process as 



wor:h 



from 



(3) It would be 
waste water 
kitchen cleaning 
performing go 
particular 



se 
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or neutralize the water structure 
a suitable stage (for instance after 



on) . The process can comprise a 
in order to comply with legal 
passage is not necessary from the 
s technology. 



on the basis of Figure 2 

lines and arrows in Figure 
Variants of the process. 



also 



and/or physical and/or chemical 
of gray water or one or more of 
(for instance rake separators, sand 
separators of light weight materials 
rried out first. In this case, a 
gray water into gray water partial 
to their origins and pollution 
ems to be more expedient. 



Lids 



<S £0 



contain fats, oils, floating and 
and tens ides and dissolved, organic 
pretreatment recommended here is a 
by which the fats, oils, the floating 
lids, and some of the dissolved BOD 
demand) solids and COD (chemical 
ids are withdrawn and can be directed 
ermentator of the black water and bio 
is also possible to use fat 
fflt|ration, precipitation and other 
here. 



oxygen 

!30l 

£ 

r: 



considering separately collecting the 
the kitchen operation (2) and the 
waste waters (3) and subsequently 
screening because of the 
characteristics. Also, a 



ars«i/f ine 
pollt tion 



T 



(5) 



(6) 



separation of 
from the gray 



the 
water 



because of 
possible. 



must be taken 
collection and 



tie 
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kitchen cleaning waste waters (3) 
stream and/ or separate purification 



aggressive cleansing substances 



is 



(4) Hair and other s'ibre-like substances are found apart 

and the like in the gray water sources , 
such as showe::s, wash basins, bath tubs and washing 
machines. Moreover, nitrogen admixture of human origin 



into account here. Hence, the joint 
pretreatment with a coarse screen and 



fine screen process of the grey water sources is 



recommended here 



The section "pool 
recycle sludges from 
the very pool water 
gray water soUrcfes 
human, user leaves 
nutrients them as 
through the * skin 
chlorination of 
permanent chlo 



of epidemics, and 
without further 
areas and can 
any danger of 
N— loads are lo 



The low nutrient 
"pool" and/or 
suitable in the 



rinati 



("Washing") 



arid/or remainder" consists of the 
the pool water purification plant, 
which is to be exchanged, and other 
mostly in the outdoor area. The 
body oils, nitrogen and other 
well as salts which are perspired 
but are also introduced by the 
the pool water. Because of its 
on, pool water involves no danger 
therefore this gray water can be used 
processing to water close by green 
applied there as a fertilizer without 
(compared to black water its 



overdosing, 



content of the gray water stream 
jj-emainder" would, however, also be 
subsequent oxidation step (oxidation by 



microorganisms and/or carbon removal) of the other gray 



water streams, 
filtration and 
would be expedient 



and therefore fine screening and/or 
subsequent direction towards oxidation 



(7) The pretreated 
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gray water streams are reunited prior to 



pxidation (oxi daj -Son., by microo rg anisms and/o r carbon_ 



removal ) and 
process using 
planted soil 
soil filters 



(8) The liquid product from (7) is 



desalinization 
objects can be 



lara subjected to a suitable oxidation 
microorganisms (aerated sand filter, 
filter, vertical intermittently charged 
Vithout plants, etc.)- In the case of 
nutrient shortage, a mineral fertilizer solution from 
the black water cycle may be added here. After process 

before process step (8) , one or more 
mechanical, physical, chemical and/or biological 
purification steps; may be inserted. 



now 



plant. In this manner, 
achieved at the same time: 



purified by a 
the following 



retention of the salts 



f the residual bio mass 



!3&SS 



f the CSS residue 



retention op 
retention op 
sanitation 

As in many tovrisstic areas potable water is obtained 

deitalinization plants, the purified gray 
ixed together with sea water or can b« 
centrally processed to potable water in 
a desalinization plant at favourable conditions because 
of the low osmotic pressure. The salty residue of the 
desalinization ]?lant is directed into the sea (14) 



from sea-water 
water can be ro 
separately and 



(9) The product from 
(process steps 
to a process for 



(10) The purified 

additional safi 
storage (11) - 



8) can now be subjected to sanitation 
(lk) and (13)) or optionally subjected 
changing the water structure. 



dtraV water can be chlorinated as an 
ty measure prior to its reuse and/or 
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Figure 3 : Flow diagram 

F igure 3 shows tjie 



oxidative nutrient 
flow diagram. C, 
compounds of these 
oxidized ones . CH 4 
energy carrier (bio 



withdrawal from the bio waste stream as a 
tf, P, K stand for the reduced organic 
leinents, CO2 , KNO3 and P0 4 stand for the 
stands for the withdrawal of carbon as 
gafe) . 



removed 
by 

secjorv 
11 

is 



Carbon: A valuable 
Carbon must be 
two ways: First, 
than water) and 
carbon to biologica 
bulk of the carbon 
( (1) & (2) ) . One poa 
also a biological 
degradable carbon 
Everyone knows the 
However , this waste 
Another possibility 
carbon compounds 
present, bio gas 
energy carrier can 



As not all carbon c 
the digested organic 
(6) and in this 
superior to that of 



N, F £ K; Elixir of 
Plants assimilate 
nitrate NO3 , or as 
as phosphate PO4 
result of the bio 
waste water (2) , 
potassium, nitrate 
however, remain 
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of the black water components 

black water sedimentation and 



the 



heat 



is 



under 
(CH 4 ) 
ba 



meinnar 
:he 



ejne^gy carrier 

from the waste water. This is done in 
sedimentation (1) (sludge is heavier 
dly by subjecting the residual solute 
burning" (2) by bacteria. Hence, the 
now present as a sludge and garbage 
ibility is to compost them (6) which is 
bjurning of the biologically easily 
ds. This releases much energy, 
teaming compost heaps in rural areas, 
from composting can hardly be used, 
the fermentation of easily degradable 
air seal (4) . As oxygen is no longer 
is now formed instead of C0 2 • This 
lised in many ways. 



c impounds 



can be degraded under air seal, 
material can subsequently be composted 
a compost whose quality is even 
previous one is obtained. 



life for areas under cultivation 

nitrogen in two forms via their roots: As 
ammonium NH 4 , phosphorus is assimilated 
and ; potassium as potassium ion K + . As a 
logical "burning" of the carbon in the 
not only CQ 2 , but also high amounts of 
and phosphate are released, which, 
disstblvad in the water. 
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These so-called 
at great expense 



problematic substances which must be removed 
the purified waste water is directed 



lakes 



ass 
are 



into rivers or 
case of areas under 
is used for the ir 
Commercial mineral 
that is to say pot 
these substances 
applied to the area 
In the irrigation 
composting step (Fi 
potassium, nitrate 
are washed out ; 
water" again to 
microorganisms and/ 
1: (Vila)). In this 
present in the i 
(Figure 3: (6) 
drainage water from 
1: (V)) of the bio 
thus leads to a higfi 
the waste water 
of the water. 



they 
the 



er 



In this manner, a 
in the clear and 



Figure 4 and Figur^ 
module with multitun 
Figure 4 shows the 
which can be plac 
periods (winter) the 
undesirable. 



Another feature of 
which can be added 



the 



or 
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are highly welcome fertilizers in the 
cultivation if the purified waste water 
rigation of the areas under cultivation, 
fertilizer consists of salpeter KNO3 , 
:.um nitrate and phosphate PO4 . Exactly 
produced by the process and can be 
untier cultivation in solute form. 
(Figure 3: (7), Figure 1: (VIIc) ) of the 
gure 3: (6), Figure l; (VI)), not only 
and phosphate but also carbon substances 
are removed by directing the "compost 
aerobic treatment step (oxidation by 
=arboh removal) (Figure 3: (2), Figure 
manner, the organically bound nitrogen 
r: rigation water of the composting step 
FjLgure l: (VI)) and/or present in the 
ths drainage step (Figure 3: (5), Figure 
gits plant -is oxidized to nitrate, and 
nutrient-enrichment in the effluent of 
treatment plant via the circulation system 



maximum concentration of plant nutrients 
pure 4 rr ^gation water is achieved. 



Black water module and bio waste 
solids/liquid separation 
of the process as a compact module 
into basements. In non-vegetation 
production of mineral fertilizer may be 



Ctaonal 

use 

ed 



process is the denitrif ication step, 
omitted, and the biological phosphate 
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removal, as the application of nutrients on green areas is 
not desirable in the winter. 



^?he 



via 



The process is now 
Figures 4 and 5: 
water is directed 
press. This chamber 
convent i ona 1 
containing filtrate 
separator to a d 
desirable to reduce 
The solids-containijng 
either separately 
reduction apparatus 
production of bio gs. 
After digestion of 
broth is again 
the conduit (Fig. * 
thereby formed (Fig 
of in a garbage b. 
further . 



solids/liquid 



c.in 
ejsired 
the 



direc:te3 



to 



or 



A. Nutrient utilization 
The liquid filtrate^ 
(l) are directed 
microorganisms and/ 
nutrient processing 
the oxidation 
removal ) the carbon 
nutrients are 
complete oxidation, 
directed via conduit 
pressed. Here, too, 
be adjusted. The 
reused for toilet 
the black water is 
nutrients are. concen 



(oxidati 



mineral 



explained 



fi 



4 



in more detail orTthe basis of 
raw waste water or preferably black 
conduit (1) into a chamber filter 
Iter press can be replaced with other 
separation processes. The solids- 
be adjusted with the solids/liquid 
dry substance content, which is 
volume of the reduction apparatus, 
filtrate is directed via conduit (2) 
together with the bio waste (3) into a 
for anaerobic conditioning and 



the organic material, the fermentation 
into the solids/liquid separator via 
(lO) , Fig. 5: (11)). The filter cake 
i. (11), Fig. 5: (12)) can be disposed 
applied in the garden or processed 



from (Fig. 4: (11), Fig. 5: (12)) and 
the oxidation apparatus (oxidation by 
carbon removal) via conduit (4) , if 
and recovery or storage is desired. In 
on by microorganism and/or carbon 
compounds are oxidized to CO2 and the 
Lzed to KNO3, K 2 0, P0 4 , etc. After 
thle active bio mass thereby formed is 
(5) to the solids/liquid separator- and 
the desired dry substance contents can 
eblids-free, mineralized black water is 
flushing via conduit (9) (Fig. 5) . Thus, 
izected in an open cycle, in which the 
:rated . 
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The pressed bio mass 
via conduit (6) 



Measures 



ca:i 



of the bio mass 
If the demand of a 
is high, (in the 
of a high degree o 
mass is directed td> 
supply is increased, 
is thus increased, 
reduction apparatus 



B. No nutrient utilization 



If nutrient utili 



4s directed to an activated sludge tank 
to prevent the autolytic digestion 



tie taken in the activated sludge tank, 
stive biomass in the oxidation apparatus 
se of high throughputted amounts and/ or 
£ pollution} the concentrated active bio 
the oxidation apparatus and the oxygen 
accordingly, and the degradation speed 
Dxcess active bio mass is directed to the 
via conduit (8) . 



zation is not desired, 



otherwise, 
apparatus , 



This 
vhich 



switching off aeration 



can be provided 



increased very effi 
mass also via conduit 



If necessary, intermittent aeration can be applied and/or 



additional sol ids/1 i 
within the degradat 



tht 



oxidized 



nitrogen (N0 3 ) , following complete oxidation, is denitrified 
by conventional processes" for instance in the oxidation 
apparatus, and— phosphorus — is biologically fixed or removed 

i|s preferably done in the oxidation 



becomes the reduction apparatus , by 



and stirring. In this process, carbon 
via conduit (4) and admixed. In a 
particularly preferred embodiment, denltrif ication by the 
high nitrate concentre tions available from the black water 

flotation in the first solids/liquid 
separation of ' the blacjk .water and/ or faecal waste water. As 
a high concentration cf facultatively anaerobic bacteria is 
found in the activated sludge tank, denitr if ication can be 

ciently by the addition of active bio 



quid separation steps can be carried out 
Lor process. Excess active bio mass is 



directed to the redustion apparatus via conduit (8) . 



7) . 



